Hexosamine-containing polysaccharides have been demonstrated ill plasma and various tissues in1eluding skin, cartilage and heart. Plasma hexosamine elevations have been observed in rheumatic fever, sterile infarets and tuberculosis. It is possible that plasma polysaccharide changes reflect alterations of tissue polysaccharides. Thirty-six hours following a single subcutaneous injection of trypsin, a significant elevation of tissue hexosamine occurred at the injection sites. This appearled long before any visible or palpable change. The tissue hexosamine paralleled the (levelo)pmental course of the "nodules." These findings appear specifically related to trypsin, since they failed to occur with other enzymes or test substances.
P LASMA and tissue hexosamine has been studied by a large number of investigators from several points of view. Their work has been recently reviewed by Meyer1 and by Stacey.2 The combined studies of many of these investigators, [1] [2] [3] particularly those of Rimington, [4] [5] [6] [7] Hewitt,8 and Sorenson and Haugaard,9 seem to indicate that the plasma polysaceharide consists of mannose, galactose, and glucosamine. The clinical significance of the study of the plasma polysaccharide becomes evident when one recalls that heparin, the blood group substances, and some antibodies contain glucosamine."' 2, 10 The demonstration of elevated plasma polysaccharide content in such conditions as pneumonia, tuberculosis, rheumatic fever, malignancy, and sterile infarcts"l -19 emphasizes the importance of the study of plasma polysaccharides.
Hexosamine-containing polysaccharides are not limited to the plasma, for they have been shown to be present in the cornea,20 skin and *cartilage,'0' 21 humor, synovial fluid, ciliary body, iris, and gastric mucosa.0 0 23 -23 That the alterations of plasma polysaccharides in disease may reflect alterations of the tissue polysaccharides is a possibility which is to be considered even though it is known that the tissue polysaccharides are different from the plasma polysaccharides. These polysaccharides differ from each other in the following ways: (a) tissue polysaccharides contain glucuronic acid, and either glucosamine or galactosamine, (b) plasma polysaccharides contain glucosamine, and neither galactosamine nor glucuronic acid, except for the glucuronic acid which comes from the relatively small amount of heparin present in the blood.
These facts together with the observation of visible tissue alterations following the single subcutaneous inoculation of the proteolytic enzyme, trypsin,24 prompted this study. The present investigation was undertaken to ascertain the distribution of hexosamine in the various tissues of the normal rabbit and the alterations which occurred following the single subcutaneous injection of the proteolytic enzyme, trypsin, and the other test substances such as chymotrypsin, lysozyme, bovine serum albumin, casein, and saline (pH 5.0). 822 
MATERIALS AND METHODS
The materials and animals which were employed in the preceding stud(y24t were also used for this work. Methods were as follows:
I. Determination of tissue hexosamine on wet-weight basis: Tissue hexosamine was determined by a modification of the method developed by Schloss25 for the determination of plasma hexosamine and was carried out as follows:
(a) Approximately 500 mg. of each of the various tissues which were excised from each animal (table 1) were weighed.
(b) Assuming that water comprises 80 per cent of the tissue weight, sufficient distilled water (approximately 0.6 ml.) was added to make up a total volume of 1.0 ml. of water, and then 1.0 ml. of 8 N (normal) hydrochloric acid was added.
(c) The tubes were sealed and placed in a boiling water bath for six hours.
(d) The contents of the tubes were quantitativelv transferred to a 50-ml. Folin-Wu tube, and made up to volume with distilled water.
(e) Seventy-five one-hundredths milliliter of Darco (activated carbon), as measured in a hematocrit tube, was added to the solution. The mixture was thoroughly and vigorously shaken for five minutes to distribute the carbon particles equally throughout the solution.
(f) The solution was then filtered through No. 40 Whatman paper. (g) The procedure from this point forth is identical with that described by Schloss.25 II. Determination of tissue hexosamine on dry-weight basis:
(a) This was carried out simultaneously with the wet-weight determination on a separate sample first weighed wet and again weighed after drying in an oven at 100 C. for twentyfour to twenty-six hours.
(b) The dried tissue was treated in the same manner as the wet tissue (Part 1, b to g). All skin samples must be shaved as closely as possible because fur, per se, gives rise to a color which interferes with the hexosamine determination. III. The plasma hexosamine and the hexosamine content of the test substances were determined by the method described by Schloss.25 I\. Statistical analysis: The standard deviation was determined by means of the formula a-= Ad when the number of animals studied was 30 or more and by the formula a-= when the number of animals studied was less than 30. The test of significance or "t" test was done to determine whether variations from the control were significant. The value of "1" was determined by the equation t= ±' + ; "t" values of 2.50 or over were considered as significant.
In the preceding formulas, a-= standard deviation; 2 = sum of; f = frequencies; d = deviation from the mean; n = number of observations; and m = mean.
RESULTS
Tissues of normal or untreated rabbits can be divided into three classes depending upon their hexosamine content. Table 1 summarizes the analytic results of various tissues of untreated rabbits. Class I consists of such tissues as the heart, thymus, testes, and quadriceps femoralis, which are poor in collagen, fibrous connective tissue, and ground substances and which exhibit a relatively low hexosamine content. Tendon, lung, kidney, stomach, and the osseous portion of ribs (table 1, Class III) exhibit a relatively high hexosamine value. With the exception of the stomach and ribs, the relatively high hexosamine content of the remaining tissues of this class is most probably due to the fact that these tissues are relatively rich in collagen, ground substance, or fibrous connective tissue. The high hexosamine values of the stomach are due to the presence of the hexosamine-containing polysaccharide, mucoitin sulfate, in the mucosa. The high hexosamine content of the rib is due to the hexosaminecontaining polysaccharide, chondroitin sulfate. Tissues such as liver, spleen, and tongue comprise the third class, containing an intermediate amount of hexosamine (table 1, Class II).
The range and mean value of the plasma Following a single subcutaneous injection of *crude or crystalline trypsin, there were no visible or palpable tissue changes at the injection site for four to seven days.24 Although before any visible or palpable change was noted. Following the initial rise, the hexosamine content of the tissues and "nodules" at the injection sites remained significantly elevated throughout the experimental period. The secondary rise in the already elevated hexos-°3 no physical changes wmere noted at the injection sites during this period, the possibility that measurable changes in hexosamine content had occurred was considered. Therefore, hexosamine determinations were performed on the various tissues, including the injection sites, and plasma (tables 1 and 2). It is seen in figures 1 and 2 and table 2 that a significant increase in hexosamine concentration at the injection sites and "nodules" followed a single subcutaneous injection of crystalline trypsin. Inactive crude and crystalline trypsin as well as the other test substances did not cause any significant change in hexosamine concentration locally. Of interest is the marked increase in the hexosamine content of the tissue at the injection sites, which occurred as early as thirty-six hours postinoculation <figs. 1 and 2). This alteration occurred long amine content (figs. 1 and 2) which occurred between the fourteenth and eighteenth day after inoculation corresponded to the period when the "nodule" reached its maximum size. 1 82 -At the end of the experimental period, thirty days postinoculation, the hexosamin ;value at the site of injection was still elevated (figs. 1 and 2) and the "nodule" although small in size was still present. The fact that similar results were obtained with both crude and crystalline trypsin demonstrates that the impurities in the crude preparation played no * All values are expressed as milligrams hexosamine per 100 milliliters of plasma and cover the entire experimental period. 12 16 TIME (DAYS) POST INOCULATIOI 20 24 important part in the formation of the "nodules."
The hexosamine content of the various test substances is listed in table 3. The insignificant amount of hexosamine present in the test substances, introduced via the injection, could hardly account for the elevated values obtained at the injection sites and "nodules."
Although the "nodules" and injection sites exhibited significantly elevated hexosamine values following the subcutaneous injection of crude and crystalline trypsin (table 2, figs. 1 and 2), the other tissues failed to demonstrate any significant alteration of the hexosamine content from the normal (table 4) .
In table 5 and figure 3 it is seen that the plasma hexosamine value for the group of rabbits inoculated with crude trypsin was significantly elevated as early as forty-eight hours postinoculation and remained so throughout this experimental period. By the third postinoculation day, the plasma hexosamine value of the crystalline trypsin group rose significantly and remained elevated throughout the study period.
It was determined that the "nodules" which occurred following the single subcutaneous injection of crude or crystalline trypsin were due neither to a foreign protein reaction nor to a nonspecific reaction to the injection per se, nor to the irritative effect of daily shaving, nor could they be produced by other enzymes.24
Concomitant with the absence of any macroscopic tissue changes following the single subcutaneous injection of casein, crystalline bovine serum albumin, saline, crystalline lysozyme, crystalline chyinotrypsin, and daily shaving was the failure of any significant hexosamine changes to occur either at the injection sites (table 2) or in the other tissues (tables 1 and 4).
The significant elevation of the plasma hexosamine above the upper normal limit which occurred following the subcutaneous inoculation of crystalline bovine serum albumin, crystalline chymotrypsin, crystalline lysozyme, and casein (fig. 4) is something which deserves further investigation.
DISCUSSION
The present studies not only confirm the presence of an hexosamine in such rabbit tissues as skin, tendon, cartilage, and gastric mucosa20-23 (table 1) , but have also demonstrated its presence in a large variety of other tissues (table 1). A direct relationship seems to exist between the hexosamine content and amount of collagen and/or fibrous connective tissue present (table 1).
Since subcutaneous "nodules" appeared only in those rabbits treated with trypsin and since these "nodules" were preceded by and associated with a significantly elevated tissue hexosamine content at the injection sites (table 2, figs. 1 and 2), it is possible that histochemical alterations are earlier indices of pathologic changes than are macroscopic observations. It is conceivable that tissue hexosamine alteration may be employed as a means for the earlier detection of the presence of pathologic processes.
Statistically significant elevations of the hexosamine values of the injection sites and "nodules" which followed occurred only in those rabbits inoculated with active crude and crystalline trypsin (table 2) .
The occurrence of significantly elevated plasma hexosamine values in those animals inoculated with substances which caused no histochemical or macroscopic changes at the injection site (casein, albumin, chymotrypsin, and lysozyme), as well as in those rabbits. inoculated with other substances (crude and crystalline trypsin) which caused macroscopic and significant histochemical changes, indi-cates that there is probably no direct relationship between the plasma and tissue hexosamine changes. SUMMARY AND CONCLUSIONS 1. Following a single subcutaneous injection of 1.0 ml. of a crude or crystalline trypsin solution into the plantar aspect of the hind legs of rabbits, there occurred a significant elevation of the hexosamine content of the tissue at the injection site. The "nodules" which subsequently developed had without exceptionv the highest hexosamine content of all the tissues studied.
2. The elevation of the tissue hexosamine of the injection sites occurred before any visible or palpable tissue changes could be detected, and persisted throughout the experimental period of thirty days.
3. That the results obtained with trypsin were specifically due to its enzymatic action was indicated by the failure of any significant alteration of tissue hexosamine or macroscopic changes to occur following the subcutaneous injection of casein, crystalline bovine serum albumin, heat-inactivated trypsin, crystalline chymotrypsin, and crystalline lysozyme.
4. The tissue hexosamine content of such tissues as the skin, tendon, lung, heart, liver, spleen, and thymus did not exhibit any significant alteration following the subcutaneous injection of the test substances including trypsin.
5. The plasma hexosamine was significantly elevated, as demonstrated by the t test, in members of the groups which received active crude or crystalline trypsin, chymotrypsin, lysozyme, bovine serum albumin, and casein. It was not significantly elevated in members of the inactivated trypsin and saline groups.
6. The occurrence of a significantly elevated plasma hexosamine value in those groups whose members did not exhibit any significant tissue hexosamine changes illustrates the lack of any necessary correlation between the tissue and plasma hexosamine changes following the subcutaneous introduction of the test substances.
